Dapagliflozin is a selective and reversible inhibitor of sodium-glucose linked transporter type 2 (SGLT2), which mediates approximately 90% of active renal glucose reabsorption in the early proximal tubule of the kidney. Dapagliflozin significantly reduces glucose reabsorption and decreases serum glucose concentration in an insulin-independent manner. The decrease of glucose reabsorption by dapagliflozin has also been associated with a reduction in body weight. Furthermore, the drug modestly reduces blood pressure levels through weight loss and its action as osmotic diuretic. Dapagliflozin has been approved as monotherapy in patients with type 2 diabetes mellitus (T2DM) who cannot tolerate metformin or in combination with other antidiabetic drugs, with the exception of pioglitazone due to the theoretical increased risk of bladder cancer. The drug should not be prescribed in patients with moderate or severe renal impairment or in patients at risk for developing volume depletion. Dapagliflozin is associated with increased incidence of genital and lower urinary tract infections, but these infections are usually mild to moderate and respond to standard antimicrobial treatment. Based on current evidence, dapagliflozin is a useful drug for patients with T2DM with a favorable safety profile. However, further research regarding the effects of dapagliflozin on cardiovascular outcomes is needed.
Introduction
Type 2 diabetes mellitus (T2DM) has increasing incidence and is strongly linked with many cardiovascular and renal complications [Leong et al. 2013; American Diabetes Association, 2014] . Different classes of drugs are used in the treatment and prevention of complications in patients with T2DM [Filippatos and Elisaf, 2010a; Ussher et al. 2012; Agouridis et al. 2013; Filippatos and Elisaf, 2013a; Sheikh-Ali et al. 2013; Filippatos et al. 2014] . Current guidelines propose metformin as the preferred initial pharmacological agent for T2DM [American Diabetes Association, 2014] . However, many patients do not achieve the glycemic goal or do not tolerate metformin and the addition of a second oral agent, a glucagonlike peptide 1 (GLP-1) receptor agonist or insulin, is usually needed. Available oral agents, besides metformin, include sulphonylureas, thiazolidinediones, dipeptidyl peptidase 4 (DPP-4) inhibitors and the newer selective inhibitors of sodium-glucose linked transporter type 2 (SGLT2).
Dapagliflozin is a selective SGLT2 inhibitor and has been recently approved for the treatment of patients with T2DM. The aim of this review is to present the available evidence regarding the pharmacokinetic properties, the effects on metabolic variables and the adverse effects of dapagliflozin.
Mechanism of action
SGLT2 mediates approximately 90% of active renal glucose reabsorption in the S1 segment of early proximal tubule of the kidney [Vallon et al. 2011] . Dapagliflozin is a selective and reversible inhibitor of SGLT2, leading to a significant reduction in glucose reabsorption and decrease of serum glucose concentration in an insulin-independent manner [Balakumar et al. 2014] . Dapagliflozin also improves insulin sensitivity but enhances endogenous glucose production in patients with T2DM [Merovci et al. 2014; Mudaliar et al. 2014] . The reduction in glucose reabsorption by dapagliflozin has been associated with a reduction in body weight possibly owing to the decrease of body calories. Furthermore, the drug has been shown to reduce blood pressure levels through its action as an osmotic diuretic and the associated body weight reduction [Oliva and Bakris, 2014] .
Clinical pharmacology
Dapagliflozin is an orally active, reversible and highly selective SGLT2 inhibitor, given in oncedaily doses [Komoroski et al. 2009; Obermeier et al. 2010] . Dapagliflozin has an absolute bioavailability of 78% in humans [Boulton et al. 2013] . It is rapidly absorbed with a time to maximum plasma concentration of 0.5-1.3 h [Kasichayanula et al. 2011a ]. Dapagliflozin has extensive extravascular distribution, with a mean volume of distribution of 118 liters [Kasichayanula et al. 2014] . Body weight, age, race, sex, or presence of T2DM do not meaningfully affect the exposure of dapagliflozin [Kasichayanula et al. 2014 ]. However, owing to the absence of evidence, initiation of dapagliflozin therapy is not recommended in patients older than 75 years or less than 18 years [European Commission, 2012] . Food does not meaningfully affect the pharmacokinetics and the efficacy of dapagliflozin [Kasichayanula et al. 2011d ].
Dapagliflozin is metabolized by uridine diphosphate glucuronosyltransferase 1A9 (glucuronidation) in the liver and the kidney to a major, inactive metabolite (dapagliflozin 3-O-glucuronide, D3OG), which is mainly cleared via the kidney [Kasichayanula et al. 2014] . Hepatic impairment affects the plasma concentration of dapagliflozin. A study using a single 10 mg oral dose of the drug showed that, compared with healthy subjects, mean maximum plasma concentration of dapagliflozin was 12% lower and 12% and 40% higher in subjects with mild, moderate or severe hepatic impairment, respectively [Kasichayanula et al. 2011c] . No dosage adjustment of the drug is necessary for patients with mild or moderate hepatic impairment. However, clinicians should be cautious when administrating dapagliflozin in patients with severe hepatic impairment, in whom a starting dose of 5 mg is recommended which could be increased to 10 mg if it is well tolerated [European Commission, 2012] .
Dapagliflozin and its inactive metabolite are mainly cleared via the kidney [Kasichayanula et al. 2014] . Renal impairment is a major factor for the metabolism and efficacy of dapagliflozin. A study showed that the maximum plasma concentration of dapagliflozin was increased by 4%, 6% and 9% and D3OG by 20%, 37% and 52%, respectively, in patients with mild, moderate and severe renal impairment compared with those with normal kidney function. However, the pharmacodynamic effects of dapagliflozin were significantly decreased and resulted in reduced efficacy in patients with renal impairment [Kasichayanula et al. 2013b ]. Dapagliflozin is indicated in patients with mild renal impairment, but it should not be given in patients with moderate to severe renal impairment (creatinine clearance <60 ml/min or estimated glomerular filtration rate < 60 ml/ min/1.73 m 2 ) [European Commission, 2012] .
Therapeutic use of dapagliflozin in patients with T2DM
Monotherapy A phase III, double-blind, placebo-controlled study randomized 282 treatment-naive patients with T2DM [glycosylated hemoglobin (HbA1c) ⩾7.0 and ⩽10.0%] to dapagliflozin 1, 2.5 or 5 mg/day or placebo for 24 weeks (Table 1 ) [Bailey et al. 2012] . The primary efficacy endpoint was the change in HbA1c from baseline. Dapagliflozin treatment led to a significant reduction in HbA1c (−0.68% with 1 mg, −0.72% with 2.5 mg, −0.82% with 5 mg) compared with placebo (+0.02%, p < 0.0001). In a similar manner, dapagliflozin reduced fasting plasma glucose levels and body weight significantly more than placebo (p < 0.02 and p < 0.003, respectively). The significantly greater effects of dapagliflozin resulted in lower rates of addition of rescue medication or discontinuation due to poor glycemic control. Adverse effects were generally similar among treatment groups [Bailey et al. 2012] .
Another 24-week, double-blind trial randomized 485 patients with T2DM to placebo or dapagliflozin 2.5, 5 or 10 mg once daily in the morning (main cohort) or evening (exploratory cohort) ]. In the main cohort, mean HbA1C changes from baseline at week 24 were significantly greater with dapagliflozin (−0.58%, −0.77%, −0.89% with 2.5, 5 and 10 mg, respectively) compared with placebo (−0.23%, p < 0.001 versus 5 and 10 mg). Similar results were observed in the exploratory evening dose cohort. In patients with high HbA1c at enrolment (10.1-12.0%, n = 73), dapagliflozin administration induced numerically greater reductions in HbA1C compared with those observed in patients with lower baseline HbA1c levels (−2.88% with 5 mg and −2.66% with 10 mg) .
The effects of the drug on blood pressure were investigated in a randomized, double-blind trial which randomized 75 patients with T2DM for 12 weeks to dapagliflozin 10 mg/day, hydrochlorothiazide 25 mg/day or placebo [Lambers Heerspink et al. 2013] . The 24 h ambulatory mean systolic blood pressure (SBP) decreased by −3.3 mmHg with dapagliflozin [95% confidence interval (CI) −6.8 to +0.2 mmHg], −6.6 mmHg with hydrochlorothiazide (95% CI −9.9 to −3.2 mmHg) and −0.9 mmHg with placebo (95% CI −4.2 to +2.4 mmHg) (all values are adjusted for baseline SBP). The greater effect of dapagliflozin compared with placebo was observed during daytime SBP but not during night-time SBP. Dapagliflozin also resulted in a greater decrease in in-office SBP by −12.3 mmHg (95% CI −17.8 to −6.8 mmHg) compared with hydrochlorothiazide [−1.1 mmHg (95% CI −2.2 to 0.0 mmHg)] or placebo [−0.1 mmHg (95% CI −10.8 to +0.6 mmHg)]. The effects of dapagliflozin or hydrochlorothiazide were independent from concurrent antihypertensive drug use. In a substudy of 30 patients, dapagliflozin treatment resulted in a reduction in plasma volume by −7.3% [median (interquartile range) −12.4% to −4.8%] compared with hydrochlorothiazide [+2.8% (−10.6% to +25.7%)] or placebo [+5.2% (−2.5 to +8.7)]. Dapagliflozin treatment resulted in a greater decrease in glomerular filtration rate [−10.8% (95% CI −14.6% to −6.7%)] compared with hydrochlorothiazide [−3.4% (−7.3% to +0.6%)] or placebo [−2.9% (−6.9% to +1.2%)] [Lambers Heerspink et al. 2013] .
Addition to metformin
A double-blind trial randomized 546 patients with T2DM, who had inadequate glycemic control despite receiving metformin, to dapagliflozin 2.5, 5 or 10 mg/day or placebo for 24 weeks (Table 1) . Dapagliflozin administration resulted in greater reductions in HbA1c (−0.67% with 2.5 mg, −0.70% with 5 mg and −0.84% with 10 mg) compared with placebo (−0.30%, all p < 0.001). Fasting plasma glucose concentration and body weight were also reduced significantly more with dapagliflozin compared with placebo. Adverse effects were generally similar between groups but genital infections occurred more frequently with dapagliflozin [Bailey et al. 2010] .
In a long-term extension of the above trial (78 weeks, total 102 weeks), dapagliflozin treatment led to a significant reduction in HbA1c (−0.48% with 2.5 mg, −0.58% with 5 mg and −0.78% with 10 mg, all p < 0.001), whereas a small increase (+0.02%) was observed with placebo [Bailey et al. 2013 ]. Furthermore, dapagliflozin administration resulted in sustained reductions in fasting plasma glucose and body weight compared with increases of these variables with placebo. Additionally, significant reductions compared with placebo were observed in uric acid concentration. Dapagliflozin was associated with a higher completion rate (68.3-79.8%) than the placebo group (63.5%). Events suggestive of genital infection and urinary tract infection were reported in a higher rate with dapagliflozin compared with placebo [Bailey et al. 2013] .
Another 24-week study randomized 182 patients with T2DM to dapagliflozin 10 mg/day or placebo on top of metformin . Dapagliflozin resulted in a significantly greater body weight reduction (−2.96 kg) compared with placebo (−0.88 kg, p < 0.0001). Interestingly, a greater weight loss was observed in men compared with women (p = 0.048 for sex by treatment interaction). Furthermore, dapagliflozin led to a significant placebo-corrected reduction in fatty mass (−1.48 kg, p < 0.0001), which accounted for two-thirds of the total weight loss as measured by dual-energy x-ray absorptiometry. In a subset of patients, magnetic resonance imaging (MRI) assessment was performed and it was shown that dapagliflozin was associated with greater reductions in visceral and subcutaneous adipose tissue compared with placebo. However, the hepatic lipid content assessed by MRI did not change significantly with dapagliflozin compared with placebo (p = 0.4499) .
In a 78-week site-and patient-blinded extension period of the above trial, which included 140 patients (76.9%), dapagliflozin administration resulted in sustained reductions in HbA1c, body weight and fat mass [Bolinder et al. 2014] . Hypoglycemia or meaningful changes in markers of bone turnover or bone mineral density were not observed with dapagliflozin compared with placebo. In this study, the rate of urinary tract and genital infections was similar between dapagliflozin and placebo [Bolinder et al. 2014 ].
Another 52-week, double-blind trial randomized 814 patients with T2DM receiving metformin monotherapy to add-on dapagliflozin (n = 406) or glipizide (n = 408, noninferiority trial) [Nauck et al. 2011] . Dapagliflozin produced similar reduction in HbA1c compared with glipizide, but induced weight loss in contrast with weight increase with sulphonylurea [Nauck et al. 2011 ].
Addition to DPP-4 inhibitors
In a 24-week, double-blind trial with a 24-week blinded extension period, 432 patients with T2DM receiving sitagliptin (100 mg/day) with or without metformin (⩾1500 mg/day) were randomized to dapagliflozin 10 mg/day or placebo ( Table 1 ). The administration of dapagliflozin resulted in a significant reduction in HbA1c levels (−0.5%) and body weight (−1.8 kg) compared with placebo, independently of the background treatment [Jabbour et al. 2014 ]. These results were maintained throughout the extension period. During the trial, patients receiving dapagliflozin experienced signs and symptoms suggestive of genital infection more frequently (9.8% versus 0.4%), but not of urinary tract infection (6.7% versus 6.2%), compared with placebo [Jabbour et al. 2014] .
Addition to pioglitazone
A study randomized 420 patients with T2DM receiving pioglitazone monotherapy to dapagliflozin 5 or 10 mg/day or placebo for 48 weeks (Table  1) [Rosenstock et al. 2012 ]. The administration of dapagliflozin for 24 weeks resulted in greater reductions in HbA1c (−0.82% and −0.97% with 5 and 10 mg, respectively) compared with placebo (−0.42%, p < 0.001). The reduction in HbA1c after 48 weeks was −0.95%, −1.21% and −0.54% with dapagliflozin 5 mg, dapagliflozin 10 mg or placebo, respectively. Furthermore, the coadministration of dapagliflozin with pioglitazone led to a smaller weight gain at 48 weeks (1.35 kg with 5 mg and 0.69 kg with 10 mg) compared with pioglitazone monotherapy (2.99 kg). Dapagliflozin administration was associated with the occurrence of more events suggestive of genital infection (9.2% with 5 mg and 8.6% with 10 mg) compared with placebo (2.9%), but not with events suggestive of urinary tract infection (8.5% and 5.0% for dapagliflozin 5 or 10 mg, respectively, and 7.9% with placebo). Of interest, the addition of dapagliflozin to pioglitazone resulted in the development of less edema (4.3% with 5 mg and 2.1% with 10 mg) compared with pioglitazone/placebo treatment (6.5%). Two patients (one female and one male) receiving dapagliflozin 5 mg had limb fractures (one foot and one hand fracture, respectively) during the first 24 weeks. One patient receiving dapagliflozin 5 mg was found to have urothelial bladder cancer on day 144. Heart failure was observed in one patient from the placebo group [Rosenstock et al. 2012] .
Addition to sulphonylureas
A 24-week, double-blind trial randomized 597 patients with T2DM receiving glimepiride to dapagliflozin 2.5, 5 or 10 mg/day or placebo (Table 1) [Strojek et al. 2011] . At the end of the trial, the reduction in HbA1c was −0.58%, −0.63%, −0.82% and −0.13% with dapagliflozin 2.5, 5, 10 mg and placebo, respectively (all p < 0.0001 versus placebo). The administration of dapagliflozin (all doses) led to greater reductions in fasting plasma glucose and body weight. The coadministration of dapagliflozin with glimepiride resulted in more serious adverse events and hypoglycemic events compared with glimepiride/ placebo [Strojek et al. 2011] . Similar improvements in glycemic control and body weight were observed during a 24-week extension period [Strojek et al. 2014 ].
Addition to insulin
A 24-week trial randomized 808 patients with inadequately controlled T2DM, despite receiving at least 30 units of insulin daily with or without up to two oral antidiabetic drugs, to dapagliflozin 2.5, 5 or 10 mg or placebo (Table 1) ]. The administration of dapagliflozin led to greater reductions in HbA1c compared with placebo (mean difference of −0.4% with 2.5 mg, −0.49% with 5 mg and −0.57% with 10 mg). Patients receiving dapagliflozin reduced the insulin dose by 0.63-1.95 units, whereas patients receiving placebo increased their daily dose by 5.65 units. A similar trend was observed with body weight, which decreased by 0.92-1.61 kg in patients receiving dapagliflozin and increased by 0.43 kg in those receiving placebo. Similar results were observed during a 24-week extension period. However, patients receiving dapagliflozin experienced a higher rate of hypoglycemic episodes and events suggesting genital or urinary tract infection ]. These observations were maintained over a total of 104 weeks [Wilding et al. 2014] .
Another double-blind trial randomized 71 patients with T2DM to dapagliflozin 10 or 20 mg/ day or placebo, in addition to oral antidiabetic drugs and 50% of their daily insulin dose (initial daily dose 84.5-90.0 units) [Wilding et al. 2009 ]. After 12 weeks, the administration of dapagliflozin led to reductions in HbA1c (−0.61% with 10 mg and −0.69% with 20 mg) compared with placebo (+0.09%). Furthermore, 65.2% of patients receiving dapagliflozin experienced a greater than 0.5% reduction in HbA1c compared with 15.8% of patients receiving placebo. Body weight decreased more with dapagliflozin (−4.5 and −4.3 kg with 10 and 20 mg, respectively) compared with placebo (−1.9 kg). A greater percentage of genital infections was observed with dapagliflozin 20 mg compared with placebo [Wilding et al. 2009 ].
Additional comments
A meta-analysis of trials examining dapagliflozin in dual or triple therapy showed that dapagliflozin 10 mg reduces HbA1c by −0.54% (weighted mean differences 95% CI −0.40 to −0.67) and body weight by −1.81 kg (weighted mean differences 95% CI −1.57 to −2.04) compared with placebo [Clar et al. 2012] . Another meta-analysis showed that dapagliflozin reduced HbA1c by −0.08% (95% credible interval −0.25 to 0.10) compared with DPP-4 inhibitors, by −0.02% (−0.24 to 0.21) compared with thiazolidinediones and by 0% (−0.16 to 0.16) compared with sulphonylureas [Goring et al. 2014 ]. Furthermore, dapagliflozin reduced body weight by −2.74 kg (−5.35 to −0.10) compared with DPP-4 inhibitors and by −4.67 kg (−7.03 to −2.35) compared with sulphonylureas [Goring et al. 2014] . The reduction in body weight with dapagliflozin is a beneficial action of the drug since it is associated with better glycemic control and improvement of cardiovascular risk factors in patients with T2DM [Filippatos et al. 2005; Filippatos and Elisaf, 2010a; Seifalian et al. 2010 ].
Dapagliflozin does not induce any major changes in lipid levels, but although not consistently, it has been associated in some trials with a reduction in triglyceride concentration and an increase in high-density lipoprotein cholesterol levels (Table 1) . These effects may be associated with an improvement in cardiovascular risk [Gazi et al. 2006; Filippatos and Elisaf, 2013b] . Interestingly, the effects of dapagliflozin on glycemic control and body weight are similar in patients with earlystage and late-stage T2DM [Zhang et al. 2010] .
Serum uric acid levels are usually increased in patients with metabolic syndrome and T2DM and are associated through several mechanisms with many other cardiovascular risk factors [Tsouli et al. 2006 ]. Indeed, serum uric concentration has been shown to be a predictor of cardiovascular disease mortality in healthy middle-aged men [Niskanen et al. 2004 ]. Dapagliflozin treatment is associated with a reduction in serum uric acid levels, which appears to be dose related (Table 1 ). The decrease in serum uric acid concentration is possibly attributed to the inhibition of sodium-coupled uric acid reabsorption in the renal proximal tubule [Ferrannini, 2010] . The decrease in uric acid levels represents a beneficial effect of the drug in patients with T2DM, which may be related to a reduction in cardiovascular risk. Furthermore, a possible interrelation has been proposed between increased uric acid levels and nonalcoholic fatty liver disease [Katsiki et al. 2011b] . The presence of nonalcoholic fatty liver is frequent in patients with T2DM, is considered to increase their cardiovascular risk and represents a possible target of therapy Elisaf, 2010b, 2011; Katsiki et al. 2011a; Ballestri et al. 2014] . Dapagliflozin treatment could be associated with an improvement in nonalcoholic fatty liver disease, since it improves body weight, insulin resistance and triglyceride levels. However, the effects of dapagliflozin in patients with nonalcoholic fatty liver disease have not been systematically assessed in clinical trials and should be a specific target in future studies.
Diabetic nephropathy is a major complication of T2DM. Possible beneficial effects of antidiabetic drugs on kidney histology and function are under investigation [Filippatos and Elisaf, 2013a; Gosmanov et al. 2014] . Dapagliflozin treatment in animal models improves diabetic nephropathy through the improvement of glucose levels and a reduction in inflammation and oxidative stress [De Nicola et al. 2014; Terami et al. 2014 ]. These effects seem promising for the treatment of diabetic nephropathy, but more studies are needed.
Adverse effects
Dapagliflozin increases diuresis and modestly decreases blood pressure. Therefore, the drug should be given with caution in patients with high risk of volume depletion, hypotension and electrolyte derangements. Dapagliflozin should not be administrated in patients who are volume depleted, for example those receiving loop diuretics or having acute illness [European Commission, HbA1c (−0.85 versus −0.83 versus −0.18%, p < 0.001), fasting plasma glucose (−21 versus −18 versus −6 mg/dl, p = 0.002), systolic blood pressure (−6.4 versus −0.4 versus +2.4 mmHg, p = 0.001), diastolic blood pressure (−2.6 versus −0.6 versus +0.3, p = 0.07), serum creatinine (−0.02 versus −0.02 versus 0.0 mg/dl, p = 0.34), blood urea nitrogen (+2.3 versus −0.18 versus −0.96 mg/dl, p < 0.001), serum sodium (−0.15 versus −0.06 versus +0.93 mEq/liter, p = 0.05), potassium (−0.0 versus −0.04 versus −0.01 mEq/liter, p = 0.88), calcium (−0.12 versus −0.09 versus −0.10 mg/dl, p = 0.88), magnesium (+0.12 versus −0.3 versus +0.04 mEq/liter, p = 0.03), phosphate (+0.12 versus −0.08 versus +0.08 mg/dl, p = 0.73), uric acid (−0.98 versus +0.18 versus −0.16 mg/dl, p < 0.001), hematocrit (+1.95 versus −1.12 versus −0.08%, p < 0.001) Dapagliflozin 2.5 mg versus dapagliflozin 5 mg versus dapagliflozin 10 mg versus placebo on top of metformin (n = 546, duration 24 weeks) [Bailey et al. 2010] HbA1c (−0.67 versus −0.70 versus −0.84 versus −0.30%, p < 0.001), fasting plasma glucose (−17.8 versus −21.4 versus −23.4 versus −5.9 mg/dl, p < 0.002), patients with HbA1c <7.0% at week 24 (33.0 versus 37.5 versus 40.6 versus 25.9%, p < 0.05 for 5 and 10 mg), body weight (−2.2 versus −3.0 versus −2.9 versus −0.9 kg, p < 0.001) Dapagliflozin 2.5 mg versus dapagliflozin 5 mg versus dapagliflozin 10 mg versus placebo on top of metformin (n = 546, extension for 78 weeks of the above study) [Bailey et al. 2013] HbA1c (−0.48 versus −0.58 versus−0.78 versus +0.02%, p < 0.001), fasting plasma glucose (−19.3 versus −26.5 versus −24.5 versus −10.4 mg/dl, p < 0.002 for 5 and 10 mg), percentage of patients with HbA1c < 7% (20.7 versus 26.4 versus 31.5 versus 15.4%, p < 0.02 for 5 and 10 mg), body weight (−1.1 versus −1.7 versus −1.74 versus +1.36 kg, p < 0.001), uric acid (−0.6 versus −0.5 versus −0.6 versus −0.02 mg/dl, p < 0.006), hematocrit (+0.84 versus +1.35 versus +1.84 versus −1.43%, p < 0.0001), hemoglobin (+1.5 versus +3.1 versus +4.1 versus −4.9 g/l, p < 0.0001), systolic blood pressure (+0.7 versus −1.1 versus −0.3 versus +1.5 mmHg, p < 0 .05 for 5 and 10 mg) Dapagliflozin 10 mg versus placebo on top of sitagliptin ± metformin (n = 432, duration 24 weeks) [Jabbour et al. 2014] HbA1c (−0.5 versus 0.0%, p < 0.001), HbA1c in patients with baseline HbA1c ⩾ 8% (−0.8 versus 0.0%, p < 0.001), body weight (−2.1 versus −0.3 kg, p < 0.001), fasting plasma glucose (−24.1 versus −3.8 mg/dl, p < 0.001), hematocrit (+2.2 versus −0.5, p not mentioned), uric acid (−0.76 versus +0.1 mg/dl, p not mentioned) Dapagliflozin 5 mg versus dapagliflozin 10 mg versus placebo on top of pioglitazone (n = 420, duration 24 weeks) [Rosenstock et al. 2012] HbA1c (−0.82 versus −0.97 versus −0.42%, p < 0.001), fasting plasma glucose (−24.9 versus −29.6 versus −5.5 mg/dl, p < 0.001), 2 h postprandial glucose (−65.1 versus −67.5 versus −14.1 mg/dl, p < 0.001), body weight (+0.09 versus −0.14 versus +1.64 kg, p < 0.001), uric acid (−0.2 versus −0.3 versus +0.1 mg/dl, p = NS), sodium (+0.4 versus +0.7 versus −0.2 mEq/ liter, p = NS), parathyroid hormone (+4.6 versus +4.2 versus +0.4 pg/ml, p = NS) Dapagliflozin 2.5 mg versus dapagliflozin 5 mg versus dapagliflozin 10 mg versus placebo on top of glimepiride (n = 597, duration 24 weeks) [Strojek et al. 2011] HbA1c (−0.58 versus −0.63 versus −0.82 versus −0.13%, p < 0.001), body weight (−1.18 versus −1.56 versus −2.26 versus −0.72 kg, p < 0.01 for 5 and 10 mg), systolic blood pressure (−4.7 versus −4.0 versus −5.0 versus −1.2 mmHg, p < 0.05), diastolic blood pressure (−1.1 versus −1.7 versus −2.8 versus −1.4 mmHg; p = NS), uric acid (−0.36 versus −0.44 versus −0.44 versus +0.02 mg/dl, p not mentioned), triglycerides (−5.25 versus −3.99 versus −10.56 versus +0.29%, p < 0.05 for 10 mg) (Continued) 2012]. Furthermore, a temporal discontinuation of the drug is recommended for patients who develop volume depletion until the depletion is corrected.
Dapagliflozin was associated with more frequent urinary tract infections compared with placebo in clinical studies ( Table 2 ). The percentage of diagnosed urinary tract infections in a recent safety analysis was 3.6% for dapagliflozin 2.5 mg (n = 814), 5.7% for dapagliflozin 5 mg (n = 1145), 4.3% for dapagliflozin 10 mg (n = 1193) and 3.7% for placebo (n = 1393) [Johnsson et al. 2013a ]. Urinary tract infections were observed in a greater proportion in patients with a history of recurrent urinary tract infection (17.1-21.1%) compared with those without a history of recurrent infection (3.2-5.5%). Hence, the administration of dapagliflozin should be avoided in patients with a history of recurrent urinary tract infection in order to reduce the incidence of these infections, the related cost of treatment and the disturbance in the quality of life of affected patients. Most of the urinary tract infections responded to one course of standard antimicrobial treatment. The percentage of urinary tract infections which required more than one course of treatment was 5.7%, 1.3% and 15.9% with dapagliflozin 2.5, 5 and 10 mg, respectively, and 14.3% with placebo. However, the rate of recurrence of urinary tract infections was greater with dapagliflozin (15.3-19.6%) compared with placebo (7.7%). Indeed, in the trials up to 2 years, the rate of recurrent urinary tract infection was 22.9% with dapagliflozin and 13.6% with placebo. The possibility of recurrence of urinary tract infection did not appear to be dose dependent and no clear trend for recurrence was observed with dapagliflozin compared with placebo in the group of patients with a history of recurrent urinary tract infection. Pyelonephritis was observed at a low rate, similar to placebo [Johnsson et al. 2013a ].
An increased rate of genital infections was observed with dapagliflozin in clinical studies ( Table 2) . A safety analysis showed that the percentage of vulvovaginitis or balanitis was 4.1% for dapagliflozin 2.5 mg (n = 814), 5.7% for dapagliflozin 5 mg (n = 1145), 4.8% for dapagliflozin 10 mg (n = 1193) and 0.9% for placebo (n = 1393) [Johnsson et al. 2013b] . Genital infection was observed in a greater percentage of women than men. The more frequent genital infections in women treated with dapagliflozin were vaginal infection, vulvovaginal mycotic infection, vulvovaginal candidiasis and genital fungal infection, whereas balanitis was the most frequent genital infection in men receiving dapagliflozin. In patients without a history of recurrent genital yeast infection, a small increase in genital infections was observed with dapagliflozin (3.9-5.9%) compared with placebo (0.8%). However, in the small number of patients with a history of recurrent genital yeast infection, genital infections were reported in a greater percentage of those receiving dapagliflozin (23-50%) compared with placebo (10%). Based on these observations, the administration of dapagliflozin should be avoided in patients with a history of recurrent genital yeast infection. Genital infections were usually mild to moderate and treated with standard antimicrobial medication. Recurrence of genital infections was reported more frequently in patients receiving dapagliflozin (18.1%) compared with placebo (8.3%). In studies up to 2 years, recurrence of genital infections was also more frequent with dapagliflozin compared with placebo (27.2 versus 22.2%, respectively) [Johnsson et al. 2013b] .
Dapagliflozin has been shown to be cost effective when added to insulin and it is not associated with a reduction in health-related quality of life [Grandy et al. 2014a [Grandy et al. , 2014b Van Haalen et al. 2014 ]. However, it is obvious that the cost of treatment will increase and the quality of life will
Study
Effects* Dapagliflozin 2.5 mg versus dapagliflozin 5 mg versus dapagliflozin 10 mg versus placebo on top of insulin plus oral antidiabetic drugs (n = 804, duration 48 weeks) HbA1c (−0.79 versus −0.96 versus − 1.01 versus −0.47%, p < 0.001), body weight (−1.78 versus −1.82 versus −2.43 versus +0.82 kg, p < 0.001), uric acid (−0.13 versus −0.14 versus −0.16 versus +0.04 mg/dl, p not mentioned), urinary albumin/creatinine ratio (−22.1 versus −24.8 versus −17.3 versus −1.6 mg/g, p not mentioned), magnesium (+0.16 versus +0.12 versus +0.18 versus −0.12 mEq/liter, p not mentioned) *p denotes significance versus placebo. HbA1c, glycosylated hemoglobin; HDL-C, high-density lipoprotein cholesterol; NS, nonsignificant; T2DM, type 2 diabetes mellitus. be adversely affected in patients who experience urinary tract or genital infections, especially if those are recurrent. Furthermore, an increase in the use of antibiotics is expected in patients with recurrent infections, which is an important problem in the era of antibiotic overuse and resistance. The effects of dapagliflozin treatment on those variables should be better assessed in dapagliflozin-treated patients with recurrent urinary tract or genital infections. 
Study design
Adverse effects (%) with increased proportion compared with placebo Dapagliflozin 1 mg versus dapagliflozin 2.5 mg versus dapagliflozin 5 mg versus placebo in treatment naïve patients with T2DM (n = 282, duration 24 weeks) [Bailey et al. 2012] At least one drug-related adverse event (6.9 versus 12.2 versus 7.4 versus 11.8), nasopharyngitis (6.9 versus 1.4 versus 2.9 versus 4.4), hypoglycemia (0 versus 1.4 versus 1.5 versus 0), urinary tract infection (4.2 versus 1.4 versus 2.9 versus 1.5), genital infections (1.4 versus 6.8 versus 2.9 versus 2.9), hypotension/dehydration/ hypovolemia (0 versus 0 versus 1.5 versus 0) Dapagliflozin 2.5 mg versus dapagliflozin 5 mg versus dapagliflozin 10 mg versus placebo in treatment naïve patients with T2DM (n = 485, duration 24 weeks) At least one adverse event (63.1 versus 57.8 versus 68.6 versus 60), discontinuation due to adverse events (3.1 versus 4.7 versus 7.1 versus 1.3), events suggestive of urinary tract infection (4.6 versus 12.5 versus 5.7 versus 4), events suggestive of genital infection (7.7 versus 7.8 versus 12.9 versus 1.3), nasopharyngitis (10.8 versus 4.7 versus 2.9 versus 5.3), diarrhea (6.2 versus 1.6 versus 1.4 versus 1.3) Dapagliflozin 5 mg versus dapagliflozin 10 mg versus placebo in drug-naïve Asian patients with T2DM (n = 393, duration 24 weeks) [Ji et al. 2014] Nasopharyngitis (5.5 versus 3.0 versus 3.8), urinary tract infection (3.9 versus 3.8 versus 3.0), toothache (3.1 versus 2.3 versus 1.5), diarrhea (2.3 versus 2.3 versus 1.5), thrombocytopenia (3.9 versus 2.3 versus 0), back pain (0.8 versus 3.0 versus 0.8), constipation (1.6 versus 2.3 versus 0.8), gastritis (2.3 versus 0.8 versus 0), renal impairment (0.8 versus 2.3 versus 1.5), genital infection (3.1 versus 4.5 versus 0.8) Dapagliflozin 10 mg (one of multiple dosage schemes in this study) versus metformin 1500 mg/day versus placebo (n = 389, duration 12 weeks) Total subjects with an adverse event (68 versus 68 versus 54), serious adverse events (2 versus 2 versus 0), discontinuation for adverse events (6 versus 2 versus 2), urinary tract or genital infection (10.6 versus 10.7 versus 5.6), diarrhea (2 versus 13 versus 7), headache (4 versus 4 versus 11), nausea (6 versus 11 versus 6), hypoglycemic events (6 versus 9 versus 4) Dapagliflozin 2.5 mg versus dapagliflozin 5 mg versus dapagliflozin 10 mg versus placebo on top of metformin (n = 546, duration 24 weeks) [Bailey et al. 2010] One or more drug-related adverse event (16 versus 18 versus 23 versus 16), headache (3 versus 7 versus 8 versus 4), back pain (4 versus 2 versus 7 versus 5), diarrhea (2 versus 4 versus 7 versus 5), urinary tract infection (3 versus 5 versus 7 versus 5), influenza (9 versus 9 versus 6 versus 7), nasopharyngitis (9 versus 3 versus 6 versus 8), hypoglycemia (2 versus 4 versus 4 versus 3), events suggestive of genital infection (8 versus 13 versus 9 versus 5) Dapagliflozin 2.5 mg versus dapagliflozin 5 mg versus dapagliflozin 10 mg versus placebo on top of metformin (n = 546, extension for 78 weeks of the above study) [Bailey et al. 2013] At least one related adverse event (26.3 versus 24.1 versus 33.1 versus 20.4), back pain (8 versus 5.3 versus 13.3 versus 8), influenza (13.9 versus 14.1 versus 12.6 versus 10.9), diarrhea (5.1 versus 6.6 versus 11.9 versus 7.3), headache (7.3 versus 9.5 versus 11.1 versus 5.8), nasopharyngitis (11.7 versus 5.8 versus 8.9 versus 8.8), events suggestive of urinary tract infection (8.0 versus 8.8 versus 13.3 versus 8.0), events suggestive of genital infection (11.7 versus 14.6 versus 12.6 versus 5.1) Dapagliflozin 10 mg versus placebo on top of sitagliptin ± metformin (n = 432, duration 48 weeks) [Jabbour et al. 2014] At least one adverse event (66.2 versus 61.1), events suggestive of genital infection (9.8 versus 0.4), events suggestive of urinary tract infection (6.7 versus 6.2), diagnosed events of urinary tract infection (5.8 versus 3.5) Dapagliflozin 5 mg versus dapagliflozin 10 mg versus placebo on top of pioglitazone (n = 420, duration 48 weeks) [Rosenstock et al. 2012] At least one adverse event (68.1 versus 70.7 versus 66.9), at least one serious adverse event (4.3 versus 1.4 versus 2.9), nasopharyngitis (5.0 versus 7.9 versus 5.0), diarrhea (3.5 versus 6.4 versus 4.3), back pain (3.5 versus 5.7 versus 2.9), pain in extremity (7.1 versus 2.9 versus 0.7), events suggestive of urinary tract infection (8.5 versus 5.0 versus 7.9), events suggestive of genital infection (9.2 versus 8.6 versus 2.9), mycotic genital infection (5.7 versus 4.3 versus 0.7), decreased renal function (1.4 versus 1.4 versus 0.7) Dapagliflozin 2.5 mg versus dapagliflozin 5 mg versus dapagliflozin 10 mg versus placebo on top of insulin plus oral antidiabetic drugs (n = 804, duration 48 weeks) At least one drug-related adverse event (21.3 versus 29.2 versus 29.1 versus 20.8), nasopharyngitis (15.8 versus 16.5 versus 12.8 versus 11.7), urinary tract infection (5.4 versus 7.5 versus 7.1 versus 4.1), diarrhea (2.5 versus 5.2 versus 5.1 versus 4.1), constipation (5.9 versus 3.9 versus 3.1 versus 1.5), events suggesting genital infections (6.4 versus 9.9 versus 10.7 versus 2.5), hypoglycemia (60.4 versus 55.7 versus 53.6 versus 51.8), major hypoglycemia (1.5 versus 0.9 versus 1.5 versus 1.0) T2DM, type 2 diabetes mellitus.
Dapagliflozin does not cause hypoglycemia. However, there is an increased risk of hypoglycemia when the drug is given with insulin or sulphonylureas. A decrease in the dose of insulin or sulphonylureas may be required in most patients to reduce the risk of hypoglycemia.
The administration of dapagliflozin is associated with a small increase of hematocrit (1.5-3.0%). This increase seems dose related and is possibly attributed to hemoconcentration because of osmotic diuresis [Shah et al. 2012 ]. Dapagliflozin has also been associated with a small increase in serum magnesium, but its concentration generally remained within normal physiological ranges. No changes were observed in serum sodium, potassium or calcium concentration [Tahrani and Barnett, 2010; Whaley et al. 2012] .
Concerns have been expressed regarding a possible association of dapagliflozin with neoplasms. An increased incidence of bladder and breast cancer was noted with dapagliflozin compared with control [Vasilakou et al. 2013 ]. On 19 January 2012 the US Food and Drug administration (FDA) did not approve the use of dapagliflozin due to concerns of increased risk of breast and bladder cancers, and requested additional clinical data [Burki 2012; US FDA, 2012] . This decision was based on the findings of previous studies, in which nine cases of bladder cancer were identified out of 4310 individuals receiving dapagliflozin, whereas one case was identified out of 1962 subjects in the control group. Furthermore, nine cases of breast cancer were detected in patients receiving dapagliflozin and none in the control group [FDA Advisory Committee Meeting, 2011] . It should be mentioned that many patients who were diagnosed with bladder cancer in dapagliflozin trials had preexisting hematuria, a fact that raises the possibility that bladder cancer was already evident. However, it has been speculated that elevated levels of glucose in the bladder owing to the mechanism of action of dapagliflozin may increase the rate of growth of preexisting cancers [Burki, 2012] . Further evidence of animal studies with dapagliflozin showed no evidence that the drug is associated with increased risk of tumor development [Reilly et al. 2014 ]. Finally, on 8 January 2014, FDA approved the use of dapagliflozin, requiring more trials specifically assessing the risk of bladder cancer development . However, as a precautionary measure, dapagliflozin is not recommended to be given concomitantly with pioglitazone, because of the small increased risk of bladder cancer with the latter [European Commission, 2012] . Another precautionary measure could be the avoidance of dapagliflozin administration in patients with preexisting undiagnosed hematuria.
A 50-week administration of dapagliflozin in 150 male and postmenopausal female patients with T2DM on metformin treatment did not alter the markers of bone formation and resorption or bone mineral density . Dapagliflozin, at supratherapeutic doses, does not affect the QT interval in a clinically meaningful manner in healthy subjects [Carlson et al. 2011 ].
Drug interactions
The pharmacokinetics of dapagliflozin are at least partly determined by the fact that it is a substrate but not a significant inhibitor of P glycoprotein, which is a cell-membrane-associated protein that transports a variety of drug substrates in the intestine, central nervous system, leukocytes, liver and kidney [Matheny et al. 2001] . Dapagliflozin is not an inducer or inhibitor of human P450 enzymes [Obermeier et al. 2010 ].
The coadministration of dapagliflozin with voglibose, pioglitazone, metformin, glimepiride, sitagliptin, warfarin, digoxin or valsartan does not significantly affect the pharmacokinetic variables of either agent and no dose adjustment is required [Kasichayanula et al. 2011b [Kasichayanula et al. , 2012 Imamura et al. 2013 ]. The coadministration with simvastatin did not induce any clinically meaningful effect on the pharmacokinetics of dapagliflozin, but increased the area under the curve for simvastatin by 19% and simvastatin acid by 30% [Kasichayanula et al. 2012 ]. These increases do not seem clinically meaningful, but caution should be taken when dapagliflozin and simvastatin are coadministered. The coadministration of dapagliflozin with rifampin and mefenamic acid resulted in modest changes in dapagliflozin exposure and minor changes in urinary glucose excretion, but these alterations are not considered clinically meaningful [Kasichayanula et al. 2013a ].
Conclusion
Dapagliflozin is an antidiabetic drug, which decreases renal glucose reabsorption by the selective inhibition of the renal SGLT2. Additional actions of dapagliflozin include body weight and blood pressure reduction, which could be beneficial in patients with T2DM patients. Dapagliflozin is a useful drug, which can be given as a monotherapy in patients who cannot tolerate metformin or in combination with other antidiabetic drugs (except pioglitazone). Dapagliflozin could be beneficial in overweight or obese patients with T2DM with cardiovascular risk factors, such as hypertension or hyperuricemia. The drug should not be administrated to patients with moderate or severe renal impairment or to patients at risk for developing volume depletion. The drug is associated with increased incidence of genital and lower urinary tract infection, but these infections are usually mild to moderate and respond to standard antimicrobial treatment. gov identifier: NCT01730534], a large, randomized, placebo-controlled trial involving more than 17,000 adult patients with T2DM, will examine if dapagliflozin when added to current antidiabetic therapy is effective in reducing cardiovascular events compared with placebo. This study is expected to be completed in 2019 and will provide data regarding the long-term effects and safety profile of dapagliflozin.
